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Abstract
The Ambalapuzha beach in Kerala is a prograding coastline endowed with economically important
heavy mineral deposits that belong to the Quaternary system along the passive continental margin of
southwestern India. The beach sediments of this coast are sands with various percentages of heavies
including garnet, sillimanite, orthopyroxene, hornblende, zircon and opaques. The dominant opaque
mineral is ilmenite. While the ultimate source of the heavy minerals can be traced to the Precambrian
crystalline rocks forming the basement in the hinterland, the occurrence of heavy minerals in substan-
tial quantities along this stretch of coast where no rivers are debouching poses an interesting anomaly.
The blending of mineralogical and geochemical approaches is effective in determining sediment prove-
nance in this case. In this paper we examine alternate mechanisms involving the reworking of Tertiary
and Quaternary paleobeach sediments and/or direct deri vation from multiple sources in the hinterland to
account for the concentrators of heavies. The mechanisms involved in the supply and deposition of
these sediments have an important bearing on the Late Quaternary geological and paleoclimatic events
in the southwestern coast of India.
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1. Introduction
A study of Quaternary sediments in the near shore
and marginal marine geological settings provides the
basis for defining the physicochemical and ecological
settings of the natural environments and the changes
caused to them by earth's processes and anthropogenic
activities. Study of heavy minerals is one among the
numerous processes the earth scientist adopts in under-
standing depositional environments, transportation
processes and the provenance and the physicochemical
activities releasing the heavy minerals. By detailed
study of the heavy minerals, particularly of Late
Pleistocene- Holocene sequences, we tend to have a pic-
ture of the most recent geological events (which are still
continuing) that are behind the present day environ-
ments on which the life and survival of mankind
depends. Realising the importance of this approach, we
took up a study of a limited stretch of the coast of
Kerala state for understanding the heavy minerals in the
beach zone and inferring the provenance as well as the
implication in paleogeomorphology and paleoclimatol-
ogy of the region which have ultimate connection to the
present landscape and its evolution and the history of
human settlement.
The southwestern coast of India is one of the
world's well renowned regions for rich accumulation of
beach placers. In a broad over view here, Ti - Fe oxides
dominate in concentration as compared to that of Mg-
Al silicates. Besides its economic interest, these placer
deposits form the classic media for understanding
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deposition of heavy minerals in the coastal stretch with~
out direct riverine supply of sands into the sea IS of con-
siderable importance.
Heavy mirier~l aggregates a're; influenced not
entirely by provenance, but also 'by a series of factors
like weathering, transportation, deposition and diagene-
sis that act during sedimentation (Morton, 1985).
Individual mineral chemistry compared to that of the
probable source rockS' is more advantageous in con-
cerning provenance studies (eg., Morton, 1985; Nechaev
and Isphording, 1993; Acquafredda eta!., 1997). The
heavy mineral speciation attempted in the present study
addresses these problems and evaluates the possible ulti-
mate source among the multiplicity of Precambrian
basement rocks. From mineralogical characteristics,
geochemical evidences and source correlation, we
attempt to elucidate their provenance and depositional
history and bearing on the Quaternary geological evo-
lution of the region.
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2. Geology and Geomorphology
Quaternary geology, tectonics and climatic events that
prevailed during the geological time span.
Occurrence of heavy minerals has been noticed in
three geomorphic settings; (a) In the beaches: the south-
western coast of India in general and the coast of Kerala
in particular are characterized by sandy beaches and
rocky cliffs. The sand in the beach zone of Kerala and
in several parts ofKarnataka to the north and Tamilnadu
to the south contains significant quantities of heavy·
minerals like ilmenite, monazite, zircon, rutile, silli-
manite, hornblende, pyroxene, garnet and leucoxene.
Beach placer deposits in the southern part of India are
shown in figure 1. (b) Paleobeach ridges in the off-
shore areas: exploration in the inner shelf area off the
coast between 8° 30' and 9° 30' N latitudes has indicated
the presence of economically viable accumulations of
heavy minerals possibly associated with paleo-beach
ridges (Prabhakara Rao, 1968). (c) In the sand ridges
in coastal plains of Kerala: the coastal plains developed
uniquely in Kerala include a ridge-runnel landform unit
of which ridges are made up of beach/dune sands hav-
ing considerable quantities of heavy minerals. A NE-
SW surface profile that crosses the coast at 9° 3' N lat-
itude explains these settings (Fig. 2). The percentage
of heavy minerals in the total sand volume might differ
considerably in the three settings; but the relative per-
centages of the heavies appear to be similar in a given
area.
No rivers enter the sea directly over a long stretch
of the coast or even through an estuary. Therefore the
Kerala State constitutes a narrow stretch of land
along the passive continental margin of southwestern
India, ranging in width from 15 to 120 km and situated
between 8° 15' and 12° 45' N. The state 'covers a total
area of 38863 km2 with its eastern part flanked by
mountain ranges of the Western Ghats that constitute
the regional water divide of Peninsular India (Krishnan,
1982). The presence of this mountain range exercises
decisive control on the climate. The state experiences
the Southwest Monsoon (June-September), Northeast
Monsoon (October-December) an'd Dry season
(January-May). The rainfall ranges between <200 to
>450 cm per year. The SW monsoon is accompanied
by very high wave action and to a great extent is respon-
sible for the concentration of heavy minerals in the
beach sands.
Kerala is divided into three general physiographic
zones; a) Lowland: 0-7.5 m, above sea level, b)
Midland: 7.5-75 m and c) Highland: above 75m. The
lowland constitutes c 10% of the area. The major part
of the lowland is made up of coastal plains. Lagoons,
estuaries, lakes, swamps, alluvial fans and lagoonal
deltas, sandy alluvial plains and ridge-runnel complexes
are the principal landfotms of the lowland. Of these,
the ridge-runnel morpho unit is a significant feature in
the context of heavy mineral studies. Most of the ridges
consist of fine to medium grained sands with variable
percentages of heavy minerals, which are similar to
those in the present day beaches.
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The Kerala coastline is straight, dynamic and fluc-
tuates seasonally (Nair, 1987). Two major regressions
and two major transgressions have been identified in
this region. The regressive phase of the sea is repre-
sented by the filling up of a series of bays with mud
and then covered by placer sands during the Holocene
period (Vaidyanathan, 1981). The various geomorpho-
logic processes that operated in the weathering and lib-
eration of heavy minerals from the rocks, their trans-
portation and sorting by water and wind from the source
to their ultimate destination are well exemplified and
preserved in the lowland areas of Kerala coast. The
processes at work in coastal waters include waves, tides
and coastal currents that together provide the energy
input, which shapes and modifies the beach by eroding
and transporting. Sorting processes during erosion by
waves coupled with longshore current and offshore
movements have resulted in the present distribution and
concentration of heavy minerals. 41 rivers flowing
westwards from the Western Ghats terrain also influ-
ence the geomorphologic controls (Krishnan et a!.,
2001). Interference of the local sea waves with the long
coming swell waves increases the wave activity along
the beach face of Kerala. Littoral currents cause dif-
ferent patterns of water circulation in the surf zone. The
largest percentage of sediment movement is parallel to
the shore and caused by longshore currents. Winds are
seasonal and a notable change in wind direction and
speed is discernible between the coastal and inland
regions of the state. There is a seasonal reversal of
direction in the wind system associated with the two
monsoons (Narayana et a!., 2001).
Kerala region forms part of the high - grade meta-
morphic terrain of southern India and comprises
Precambrian crystalline rocks that have been subjected
to granulite facies metamorphism. The terrain is dis-
sected by a number of major late Proterozoic shear
zones that di vide the high - grade rocks into several dis-
tinct blocks (Santosh, 1996) (Fig. 3). The major rock
types in this region are garnet - biotite gneisses (lep-
tynites), garnet - sillimanite - spinel-cordierite- graphite
bearing granulites (khondalites) and garnet- and
orthopyroxene - bearing granulites (charnockites) (Fig.
4). Layers and bands of calc-silicate rocks, pyroxene
granulites and quartzites also occur subordinately within
the supracrustals. These rocks are terminated at the
north by the Achankovil Shear Zone and the block north
to it, known as the Madurai Granulite Block, is an
orthogneiss terrain, mainly of orthopyroxene, horn-
blende and biotite bearing granulites with minor
amounts of garnet, sillimanite or other aluminous min-
erals (Fig. 3). Further north, the Madurai Granulite
Block is terminated by the Palghat-Cauvery Shear Zone
which forms the major divide between the Archean cra-
ton in the north with the Proterozoic granulite blocks in
the south. All the metamorphic units in the various
granulite blocks contain Fe-Ti oxides and zircon as the
principal accessory. The Precambrian crystallines are
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Fig. 3 Tectonic framework of South India showing granulite blocks and shear zones.
intruded by acidic, basic and ultrabasic plutons of var-
ious dimensions at several localities. These intrusives
include granitic and syenitic plutons, anorthosite,
dolerites, gabbro and dunite. Several pegmatites and
quartz veins also traverse the region, some of which
carry rare metal and gemstones mineralization.
However, the Precambrian metamorphic rocks are vol-
umetrically the most dominant rocks in Kerala and any
major contribution to the placer deposits along the beach
would be conceivably derived from these rocks.
Tertiary sedimentaries, laterites capped over
Precambrian crystallines and Recent to sub- Recent for-
mations constitute the subordinate geological units of
Kerala.
The study area, Ambalapuzha is located almost at
the middle part of a 120 km long coastal stretch and
lies in the 9° 18.5' to 9° 26' latitude and 76° 18' to 76° 2S'E
longitude zones (Fig. 5). The beach at Ambalapuzha is
approximately 250 m wide and decreases to a width of
5 -10m to the south. The coast can be appropriately
categorized as prograding (Manojkumar et aI., 1998).
The area experiences tropical, hot climate and high rain-
fall. No major rivers debouch into the sea in this part
except a spillway in the southern part. The rivers drain
through lagoons and estuaries and Vembanad lagoon,
the largest in Kerala is situated in the northern part of
the study area.
The terrain in the lowland is almost a flat plain.
The rivers and streams flow mostly parallel to the
coastal plain and their courses have evolved in response
to the depositional history of the lagoon systems that
prevailed during the Quaternary (Nair, 1995). Coastal
features like sandbars, river terraces etc. are seen in
the study area. About 2 km east of the area, flood plains
are common. It is considered that the total beach sand
deposition has direct relationship to ocean currents as
well as to paleoclimatic variations. The hinterland area
comprises Precambrian crystalline rocks, Tertiary sedi-
ments and laterite cappings. The geomorphologic
framework of the area was analysed in this study using
LANDSAT images.
About 60% of the land surface is covered by lat-
erite resting on Precambrian basement complex and
Tertiary sediments. The Precambrian basement is
exposed in the region to the east of the lateritic terrain.
To its west the land is covered by Quaternary sediments
with an intervening narrow stretch of Tertiary sedi-
ments, which are lateri tised to various depths. The
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Fig. 4 Geological map of Kerala.
Achankovil shear zone which separates the aluminous
supracrustal rocks in the south from the orthogneiss in
the north (cf. Fig. 3) traverses northwestward to
Ambalapuzha area and further on to the continental mar-
gin. This shear zone controls the drainage of the region
and the sediments transported by the rivers should be
expected to reflect a heterogeneous provenance.
3. Sampling and Analytical Method
3.1. Sampling
Eighteen locations were selected from the
Ambalapuzha beach for the present study and these are
indicated in figure 5. The samples were collected on
the basis of a north -south traverse along the beach.
Beach sediment samples were collected during the mon-
soon season from the foreshore region of the beach by
piercing a 2" diameter PVC pipe at lOcm depth. The
position and depth of samples were fixed with the help
of Magnavox/Ensign Global Positioning Systems. Apart
from the lowland samples, metamorphic rock samples
were also collected from the highland area generally
known as Madurai block, the locations of which are
shown in figure 3. The midland laterites were not con-
sidered in this study because of its notable absence of
heavy minerals.
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3.2. Heavy Mineral Analysis
The samples collected were carefully washed using
distilled water to decant the clay-sized particles and
then the residue was dried at 60'C. Required amounts
of representative sample were taken for heavy mineral
separation. After coning and quartering, the sample was
dry sieved using 425,um mesh size and the weight per-
centage of the sieve fraction was noted. The sample
was then subjected to heavy mineral separation.
Concentrations of heavy minerals were carried out by
means of high -density liquid, Bromoform, CHBn sp.
gravity of 2.85 at 20'C. Heavy minerals were separated
by gravity settling technique. Both the light and heavy
fractions were washed with acetone. The weights were
noted after drying and magnetic minerals were removed
by bar magnet. The weights of the light minerals were
calculated by deducting the weights of the heavy min-
erals from the sieve fraction weight. After mounting
the grains, each slide was systematically studied and all
the minerals present in the slides, i.e., in three size
grades, coarse, medium and fine sands were taken into
account. The minerals present on each grain mount
were counted separately. Opaque and translucent min-
erals were identified and counted by using line method.
Minerals like ilmenite and magnetite represent the
opaque group and these opaques were considered as a
reference group. They were taken for counting as a sin-
gle group. After identification and counting, the respec-
tive weight percentage of different minerals was calcu-
lated.
Proportional weight method was used for comput-
ing the weight percentage of individual heavy minerals
in each sample. It was assumed that all the grains in
the sieve fraction were of equal volume irrespective of
their shapes. After counting, the grain number of each
mineral was multiplied by their respective specific grav-
ities. The products obtained were totaled and then the
weight percentage of each mineral was calculated with
reference to the actual weight of the sieved fraction
already known.
3.3. Chemical Analysis
Chemistry of the constituent minerals was deter-
mined using an electrone-probe microanalyzer
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(Shimadzu, EPMA-8705) at Osaka City University,
Japan. An accelerating voltage of 15 kV, beam current
of 4 nA and a beam diameter of l.um were used. Data
acquisition and reduction were performed using the
method of Bence and Albee (1968). Natural and syn-
thetic oxides and silicate minerals were used for stan-
dards.
The analyses were carried out both in the sedi-
mentary samples of Ambalapuzha beach and the meta-
morphic samples collected from the highland area. The
chemistry of the individual minerals from these areas
shows compositional similarity, which will be discussed
in detail in a different section. The main mineral phases
that are common in both samples and dominate in
amount are, hornblende, orthopyroxene, ilmenite, rutile
and the less common phases are garnet and sillimanite.
The chemistry of these mineral phases is summarized in
brief below.
4. Results
4.1. Heavy Mineral Characterization
Analysis of heavy minerals in various locations
reveals that opaques are the most dominant phases
among the samples studied. In general, hornblende,
orthopyroxenes and opaques dominate the heavy min-
eral assemblage, while; zircon, rutile, garnet and silli-
manite are seen scarcely. The distribution of heavy and
light minerals in the samples analyzed from the beach
sands of Ambalapuzha is shown in table I. Grain size
studies revealed that the sediments in the study areas
are coarse to medium and local significant variations
exist in the distribution of heavy minerals as illustrated
in figure 6.
Some samples show an elevated percentage of
hornblende and orthopyroxene, while in others opaques
form the dominant group. Most frequent variety of
opaque minerals found in the studied samples is ilmenite
and magnetite. Pure ilmenite grains, which do not form
any compositional solid solutions, are seen in some sam-
ples. The grains are mostly sub-rounded or angular,
medium to fine-grained. Coarse-grained particles are
found to be very rare. The weight percentage of dif-
ferent heavy minerals that are identified in the samples
collected from various localities is represented in table
2.
Among the non -opaques, hornblende and orthopy-
roxene are the most abundant minerals seen.
Hornblende present in the samples is subdivided accord-
ing to their color as bluish green and brown varieties.
Some of these grains show etching and most of them
Table 1 Ratio of assemblage on the heavy and light
minerals in the Ambalapuzha beach deposit.
Sample No. Heavy Light
API 34 66
AP2 53 47
AP3 29 71
AP4 43 57
APS 59 41
AP6 41 59
AP7 32 68
AP8 21 79
AP9 27 73
APIO 38 62
APll 64 36
API2 19 81
API3 17 83
API4 23 77
APIS 21 79
API6 16 84
API7 23 77
API8 19 81
are medium grained. The pleochroism of the former
group ranges from green to brown, whereas the latter
group exhibits pleochroic colors ranging from brown to
red. Orthopyroxene, which is seen in almost all sam-
ples, exhibits a prismatic habit. Only minor cleavage
is visible and they show very pale-to-pale colors and
weak pleochroism. Some of the orthopyroxene grains
are angular and subrounded and range in size from fine
to medium. Sillimanite occurs as slender prisms and
fine needles. Garnet, which is seen in the samples show
etch facets and occurs as subangular to rounded iso-
metric grains. Mostly colorless but some pink colored
varieties are also seen. Zircon, which is present in the
samples is mostly colorless and is typically subangular
to rounded. It shows high relief. Brownish red rutiles
with a shade black halo surrounding the grains are also
present in most of the samples.
4.2. Chemical Characterization
Provenance attributes have been emphasised using
orthopyroxenes, hornblende and ilmenite populations.
As these three minerals dominate the heavy mineral
assemblage in the study area, their chemistry attains
importance. Chemical composition of heavies from
both beach and highland samples are given in table 3
and 4 respectively.
Orthopyroxene:
Analysis of orthopyroxenes from the beach sands
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Table 2 Distribution of heavy minerals in the Ambalapuzha beach deposit.
Sample No. Opaques Zircon Rutile Hornblende Orthopyroxene Garnet Sillimanite
API 1.345 0.525 0.794 1.681 0.258 0317 0.244
AP2 0.889 0.000 Ll20 Ll86 0.568 1.400 0000
AP3 0.735 1.579 0.390 1.836 0.422 0.000 0.200
AP4 2.207 0.157 0.000 0.702 1.096 0.071 0.930
APS 1.601 0.228 1.031 0.291 1.172 0.206 0.635
AP6 1.340 0.898 0.678 0.383 0.550 0.271 1043
AP7 1810 0.222 0.101 0.745 2.285 0.000 0.000
AP8 1770 0.000 0.139 1.180 1.753 0.000 0.322
AP9 0.950 0.608 0.734 0.734 Ll43 0.428 0.565
APIO 1.309 0.629 0.000 0.302 0.926 0.570 1.426
APll 1550 0.131 0356 0.754 1012 0.356 1004
AP12 2.255 0.000 0.532 0.913 0.802 0.076 0.585
AP13 1411 0315 0.000 0.000 1.855 0.190 1.392
API4 2.581 0.000 0.000 0.455 0.175 0.215 1.737
APIS 1.900 0.000 0.000 1.316 0.672 0.000 1.275
API6 1404 0.425 0.577 0.498 1667 0.000 0.592
API7 1998 0.000 0.566 1.299 0.689 0.283 0.327
API8 1.000 0.368 0.667 0.588 0.474 0333 1.732
* The values are in percentages computed by the proportional weight method.
shows a composition in between enstatite and ferrosilite
respective to Mg and Fe end members. The XMg
[Mg/(Fe+Mg)] ratio varies from 0.037 to 2.94. This is
comparable in composition with that of orthopyroxene
from charnockites and orthogneisses of Madurai block.
Both sedimentary and highland orthopyroxenes show
very low amounts of Ab03.
Hornblende:
Analysis of both varieties of hornblende from
beach sand samples and highland samples were carried
out. The color diversity is mainly due to the variation
in the Ti content in their crystal structure. The result
shows a similarity in the chemistry of both sedimentary
and metamorphic hornblendes. Ti02 content in brown
hornblende varies from 1.5 to 3.2 wt% for all the ana-
lyzed samples, while in the green ones it is almost
nearer to zero (0 to 0.5). The FeO content varies from
8.58 to 12.99 wt%. In the beach samples Fe3+ seems to
be higher (0.1 to 0.5) when compared with that of the
highland samples (0 to 0.05), which may be due to the
prolonged oxidation during weathering and transporta-
tion processes.
Garnet:
Chemistry of both the beach and metamorphic sam-
ples shows almandine-pyrope solid solution with a
minor amount of grossular. Most of the analyzed gar-
nets are inclusion free and homogeneous with no core-
rim zoning. The compOSItIOn of the analyzed garnets
can be summarized as Alms6-62 Prp37-41 SPSO-.5 Grsl-2.
The chemical analysis of both the highland area sam-
ples and beach samples matches in character showing
almandine-rich composition (Alm56-61 %).
Sillimanite:
In the metamorphic rock samples, sillimanite
occurs as rhombs or needles either as inclusions in gar-
net and some other minerals, or as coarse and discrete
idiomorphic grains, often close to garnet grains.
Occurrence of sillimanite grains is heterogeneous.
Sillimanite forms a major constituent in the beach sam-
ples as well. Analyses of sillimanites from both the
beach and highland areas indicate that all these have a
near pure composition with Ab03 ranging from 58.36
to 59.64 wt%.
Opaque phases:
The major opaque phases in the studied samples are
ilmenite and magnetite. These phases form the major
component of the analyzed beach samples. In some, the
opaques show ilmenite composition in ilmenite-
hematite solid solution with thin lamella of magnetite.
The FeO weight percentage in magnetite ranges from
88.16 to 97.76. The elevated concentration of opaque
phases and the highest Fe3+ content in them probably
reflects a higher oxidation state prevailed in the source
rock. The opaque compositions found in the samples
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5. Discussion
decrease in the degree of alteration process of leucox-
inisation, possibly suggesting derivation from a compo-
sitionally identical provenance.
The other minerals, which are found in the studied
samples, include feldspars, biotites etc.. They occur only
as a subordinate phase and the chemistry and details of
these phases are not described since they do not have
any importance in the present study. From the miner-
alogical and chemical characteristics it is clear that (a)
the opaque mineral suite, though showing variation from
sample to sample, cannot be used for differentiating or
discriminating the provenance which initially yielded
the heavy minerals, (b) the non -opaque heavy minerals
are dominated by orthopyroxene and hornblende which
are characteristic of the terrain to the north of the
Achankovil shear zone. This indicates that besides the
Achankovil river, the rivers Manimala and Pampa which
drain the Madurai granulite belt have substantially con-
tributed to the heavy minerals of the area under study.
and (c) the textural characteristics of the heavy miner-
als indicate that considering the short distance from the
Precambrian crystalline rocks to the area of deposition
(the beach) the mineral grains have lost their angular-
ity and this could suggest that the heavy minerals are
derived from sediments like the Tertiary sediments (vol-
umetrically insignificant) or Quaternary sediments in the
paleobeach ridges offshore or from the ridges of the
ridge-runnel system in the coastal plains.
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Fig. 6 Distribution of heavy minerals along the
Ambalapuzha beach deposit.
of the highland area when compared to the
Ambalapuzha beach sands, reflects the same composi-
tion.
The minimum and maximum contents of major and
minor oxides of ilmenite in the beach samples are; Ti02
56.69 to 62.99%, FeO 36.12 to 40.45%, MgO 1.36 to
2.91 %, MnO 0.01 to 0.613%. CaO is minor, with vari-
ation from 0 to O.077wt%. However, it is noticed that,
while going towards north of the study area, the Ti02
contents gradually decreases, which may suggest a
The dispersion and distribution patterns of various
heavy minerals in the marine realm result from diverse
processes acting in the beach such as direction, veloc-
ity and period of currents, waves, winds, river flow etc_
The various properties of minerals such as size, shape
and specific gravity also playa critical role in the vari-
ation of heavy minerals within a placer deposit. Beach
and nearshore geomorphology also influences the dis-
tribution of heavy minerals. More important than all
these is the nature of the terrigenous sediments that are
supplied to the coast. The texture of the sediment mix
and the species and texture of the heavy minerals that
are introduced into the coastal zone for the marine
processes to act on are critical in deciding the final
nature of the beach sediments in general and the heavy
minerals in particular. The principal source of near
shore sediments for most coastal areas is the streams.
In case where there is no supply of sufficient sediments
by rivers, as in the present case, reworking processes
by the near shore waves and currents and seasonal lit-
I-'
(j)
Table 3 Chemical compo ition of heavies in the Ambalapuzha beach deposit (Mineral abbreviations follows Kretz, 1983). (j)
Sample o. 1 2 1 2 1 2 1 2 1 2 1 2 1 2 3 1 2
l\lineral* Grt Grt Mt ~It Sil Sil Rt Rt GHbl GHbl BHbl BHbl Opx Opx Opx llm 11m
SiOl 39.25 38.37 0.09 0.00 38.65 38.58 0.20 0.30 44.80 44.89 45.38 44.76 49.02 49.81 49.71 0.07 0.12
Ti02 0.22 0.17 0.49 0.02 0.14 97.13 97.21 2.14 2.20 2.02 2.28 0.16 0.14 0.13 56.70 57.01
Al203 22.46 22.17 0.78 \.03 59.64 59.60 0.00 0.00 9.65 9.68 9.64 9.84 1.92 1.61 1.52 0.07 0.00
Cr203 0.00 0.00 0.31 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.09 0.02 0.08 0.03 0.10 0.12
FeO 27.21 26.08 87.89 0.88 1.09 2.10 1.91 12.99 12.92 12.42 12.38 35.65 33.72 35.03 40.45 39.01
~100 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.36 0.32 0.53 027
MgO 10.09 10.67 0.00 0.00 0.93 0.97 0.00 0.00 12.74 13.30 12.86 13.98 13.37 14.73 14.71 2.05 2.91
CaO 0.70 0.93 0.13 0.00 0.09 0.00 0.00 0.00 11.46 11.19 11.38 10.27 0.32 0.26 0.24 0.01 0.07
Na20 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 1.70 1.59 1.83 1.91 0.17 0.02 0.15 0.00 0.00
K20 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 1.48 1.34 1.55 1.86 0.00 0.01 0.00 0.00 0.01
Total 99.93 98.39 1.41 89.66 100.28 100.38 99.44 99.42 96.96 97.11 97.22 97.37 100.99 100.74 101.83 99.98 99.514
Oxygen 12 12 4 4 5 5 2 2 23 23 23 23 6 6 6 4 4
Si 2.998 2.973 0.005 0.000 1.044 1.042 0.003 0.004 6.66 6.65 6.71 6.51 1.932 1.947 1.934 0.002 0.004
Ti 0.013 0.010 0.038 0.019 0.000 0.003 0.985 0.985 0.24 0.25 0.22 0.25 0.005 0.004 0.004 1.387 1.390
AI 2.022 2.024 0.046 0.064 1.899 1.897 0.000 0.000 1.69 1.69 1.68 1.69 0.089 0.074 0.070 0.002 0.000
Cr 0.000 0.000 0.012 0.010 0.000 0.000 0.000 0.000 0.00 0.00 0.02 0.01 0.001 0.002 0.001 0.003 0.003 3::Fe 1.738 1.689 3.815 3.851 0.020 0.025 0.024 0.022 1.62 1.60 1.54 1.51 1.175 1.102 1.140 1.100 1.058
1\'10 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.00 0.00 0.00 0.00 0.012 0.012 0.011 0.015 0.007
S'
~
Mg 1.149 1.232 0.000 0.000 0.037 0.039 0.000 0.000 2.83 2.94 2.84 3.03 0.785 0.858 0.853 0.099 0.141
..,
p:>
Ca 0.057 0.077 0.007 0.000 0.003 0.000 0.000 0.000 1.83 1.78 1.80 1.60 0.014 0.011 0.010 0.000 0.002 0-
0.000 0.000 0.010 0.000 0.000 0.000 0.46 0.52 0.54 0.013 0.002 0.011 0.000 0.000
C1Q
0.000 0.000 0.49 o·
K 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.28 0.25 0.29 0.35 0.000 0.001 0.000 0.000 0.000 ::.
Total cation 7.978 8.006 3.933 3.9-W 3.006 3.007 1.012 1.011 15.64 15.61 15.62 15.49 4.025 4.012 4.033 2.609 2.605 p:>
::l
c-
O
~
0
()
::r
~
Table 4 Chemical composition of heavies of the hinterland (Mineral abbreviations follows Kretz, 1983). an'
::.
Sample o. 1 2 1 2 1 2 1 2 1 2 1 2 1 2 3 1 2 <Mineral * Grt Grt It 1t Sil Sil Rt Rt GHbl GHbl BHbl BHbl Opx Opx Opx nm 11m r:;
Si02 39.29 39.20 0.24 0.00 38.45 38.95 0.00 0.15 44.65 52.28 42.84 46.48 49.61 49.20 49.53 0.108 0.149 ~.
Ti02 0.15 0.14 0.91 0.32 0.14 0.14 97.74 95.11 2.26 0.02 2.59 1.87 0.17 0.17 0.19 59.174 60.062 o'
AI203 22.12 22.33 1.95 0.76 59.64 59.50 0.05 0.11 9.97 2.36 10.63 10.78 1.77 1.99 1.76 0.522 0.488 ::len
Cr203 0.00 0.00 0.45 0.45 0.20 0.21 0.00 0.26 0.31 0.03 0.10 0.08 0.07 0.01 0.00 0.18 0.2
FeO 27.47 27.20 88.76 97.76 0.78 0.68 2.16 4.06 12.87 9.46 14.03 13.74 35.14 36.11 34.69 36.456 37.235
]\t100 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.41 0.05 0.17 0.34 0.33 0.36 0.413 0.421
MgO 9.92 10.05 0.56 0.00 0.88 0.70 0.01 0.00 12.41 13.52 11.44 13.06 13.68 13.51 13.54 1.534 1.364
CaO 1.04 0.80 0.02 0.00 0.02 0.00 0.03 0.13 11.16 19.33 11.90 10.73 0.27 0.32 0.26 0.042 0.077
Na20 0.00 0.00 0.04 0.01 0.05 0.00 0.03 0.00 1.74 0.66 1.37 \.03 0.03 0.06 0.00 0.015 0.031
K20 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.24 1.29 0.04 1.92 1.18 0.02 0.03 0.00 0 0.002
Total 99.99 100.19 93.00 99.30 100.16 100.18 100.012 100.06 96.85 98.11 96.87 99.12 101.09 101.72 10033 98.~" 100.029
Oxygen 12 12 4 4 5 5 2.000 2 23 23 23 23 6 6 6 4 4
Si 3.007 2.995 0.012 0.000 1.040 1.052 0.000 0.002 6.64 7.58 6.46 6.59 1.944 1.927 1.952 0.003 0.005
Ti 0.009 0.008 0.034 0.013 0.003 0.003 0.987 0.970 0.25 0.00 0.29 0.20 0.005 0.005 0.006 1.441 1.441
AI 1.995 2.011 0.114 0.047 1.902 1.894 0.001 0.002 1.75 0.40 1.89 1.80 0.082 0.092 0.082 0.020 0.018
Cr 0.000 0.000 0.018 0.019 0.004 0.004 0.000 0.003 0.04 0.00 0.01 0.01 0.002 0.000 0.000 0.005 0.005
Fe 1.758 1.738 3.666 3.875 0.018 0.Dl5 0.024 0.046 1.60 1.15 1.77 1.63 1.152 1.183 1.143 0.987 0.993
~1o 0.000 0.030 0.000 0.000 0.000 0.000 0.000 0.000 0.02 0.05 0.01 0.02 0.011 0.011 0.012 0.011 0.011
Mg 1.132 1.145 0.041 0.000 0.035 0.028 0.000 0.000 2.75 2.92 2.57 2.76 0.799 0.788 0.796 0.074 0.065
Ca 0.085 0.065 0.001 0.000 0.001 0.000 0.000 0.002 1.78 3.00 1.92 1.63 0.011 0.013 0.011 0.001 0.003
Na 0.000 0.000 0.004 0.001 0.003 0.000 0.001 0.000 0.50 0.19 0.40 0.28 0.002 0.004 0.000 0.001 0.002
K 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.004 0.24 0.01 0.37 0.21 0.001 0.002 0.000 0.000 0.000
Total cation 7.986 7.992 3.893 3.955 3.005 2.996 1.013 1.028 15.585 15.309 15.685 15.124 4.010 4.025 4.001 2.544 2.544
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toral currents become important. The material for
reworking could be the offshore sandy sediments and/or
the sediments already available at the beach and the hin-
terland immediately adjacent to the beach zone.
The high concentration of opaques in some sam-
ples from the present study area indicates that these sta-
tions had experienced erosion and high -energy condi-
tions. Erosion leading to the concentration of these
placers involves the selective removal and transporta-
tion of the light minerals either offshore and or in the
longshore direction. Angular to subrounded grains
could suggest medium distance of transportation. The
rounded nature of grains could also alternately indicate
a recycling of heavies from sedimentary sources.
Some heavy minerals are unstable during chemical
weathering conditions but stable against the influence
of physical weathering and transport; whereas other
minerals are unstable against physical weathering and
transport (Werner Ehrmann and Kerstin Polozek, 1999).
Thus, different climates and weathering conditions as
well as different transport mechanisms may influence
the composition of the heavy mineral assemblages. The
heavy minerals in the studied samples show evidence
for chemical weathering. Garnet seen in the studied
samples develop etch facets. Studies reveal that the
edges of some of the grains of hornblende and silli-
manite are broken mechanically and some of them are
corroded. Some hornblende grains show ragged ends.
Some of the opaque grains show corrosion on their bor-
ders suggesting chemical weathering in the environment
of deposition. However orthopyroxenes present in the
studied samples show no indications of alteration. As
a whole, the intensity of weathering seems to have
changed significantly during the time of deposition of
heavies in the Ambalapuzha beach.
There have been numerous studies to relate the
heavy minerals of Kerala coast to identify their source
areas. According to Krishnan et al. (2001), beach sands
of Kerala are bimodal and suggest their.derivation from
more than one source. A recent study is that by
Padmalal et al. (1998) highlighting the main conclu-
sion of Padmalal (1993) on the heavy minerals of
Muvattupuzha river, which debouches into the
Vembanad Lagoon along the coast ca 45km north of the
present study area. These authors have observed that
the heavy minerals are mainly concentrated in the mid-
dle reaches of the river. Further, based on the textural
characteristics, they have opined that the heavies in the
lagoon are derived from the inland paleobeach ridges
around the lagoon and not of first generation, supplied
directly by the river. Also, it has been pointed out by
these studies that hornblende and orthopyroxene are
more dominant than sillimanite and garnet suggesting
that the ultimate source area for these sediments is a
terrain of charnockites and hornblende gneiss. This
observation is consistent with the source area drained
by the river, which is the orthogneiss terrain north of
the Achankovil shear zone.
It is seen that the total heavy mineral percentage
in the studied samples varies from sample to sample.
There are textural variations among the heavies of indi-
vidual sample as well as among different samples.
Further, there is a preponderance of orthopyroxene+
hornblende over sillimanite and garnet. Also, the chem-
ical composition of the individual minerals of both the
beach and orthogneiss terrain of the Madurai granulite
block reveals a compositional similarity. The assem-
blages found in the samples collected both from the
beach and highland are well relatable. These evidences
point that almost 90% of the heavy minerals in the study
area have been initially generated in the charnockitic
orthogneiss terrain north of the Achankovil shear zone.
Further north of the study area, (9 0 20' latitude),
there is a clay cover in the inner shelf region (Rao and
Wagle, 1997). The clay cover would act as a protec-
tive blanket preventing large-scale remobilization of
sand from below. It cannot be a coincidence that the
heavy mineral concentration in the beaches is higher
where this clay cover is absent in the shelf. Since this
clay is thin and undergoing erosional removal northward
from this latitude, the occurrence of beach placers also
seems to extend northwards. The offshore part of the
study area is still under the clay cover and that is the
reason for the lesser content of heavy minerals here as
compared to the beaches of Chavara to Thrikkunnapuzha.
The anomalous occurrence of this clay cover has been
attributed to abnormally high rainfall and excessive ero-
sion of the dominantly lateritic cover in the hinterland
(Nair, 1995). The main process of concentration of
heavy minerals in the study area is inferred to be the
reworking of the sediments in the beach zone and the
barrier bar adjacent thereto. The less homogeneity in
the distribution of heavy minerals makes it difficult to
decipher a single geologic process for its deposition.
6. Conclusions
(1) The beach sands along Ambalapuzha in the south-
western coast of India carry abundant heavy miner-
als. But the heavy mineral concentration is less than
that in the beaches of Chavara to Thrikkunnapuzha.
(2) The heavy mineral assemblage is dominated by
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orthopyroxene, hornblende and ilmenite with sub-
ordinate rutile, sillimanite and garnet.
(3) The preponderance of orthopyroxene+hornblende
assemblage over garnet+sillimanite assemblage in
this stretch of the coast indicates that the ultimate
provenance of the sands is from the orthogneiss ter-
rain belonging to the Madurai Granulite Block with
subordinate contributions from the Khondalitic ter-
rain to the south.
(4) The absence of river mouth in the study area pro-
vides a strong case for heavy mineral accumulation
through the process of reworking of older sedi-
ments, and suggests that both su bmarine and coastal
sediments have functioned as local sources.
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